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Development of the Light Load UDDS and CARB Heavy Heavy-Duty Diesel Truck
Engine Dynamometer Test Cycles

Collection of Data on Engine Operating Parameters

The light load UDDS and the heavily loaded CARB\heheavy-duty diesel truck (HHDDT)
cruise cycles were both developed from engine oipgrgparameters. The engine operating
parameters were obtained from operating the tesichkeewith specific engine installed on a
chassis dynamometer while recording the J1939 kigma the engine ECM. This allowed the
development on an engine dynamometer test cyctehtitha direct correspondence to the loads
the engine would experience where operated on ssishdynamometer.

The 2006, 11 liter Cummins ISM was equipped inr@erhational truck chassis. This truck had
an empty weight of 13,200 Ibs. and a fully loadegacity of 66,000 Ibs.

The chassis dynamometer test cycles were run atBZARleavy-Duty Vehicle Emissions
Testing Laboratory in Los Angeles, CA. The vehislas operated over the UDDS and CARB
HHDDT cruise cycles while the J1939 signal wasexittd to obtained the engine parameters.
The “light” UDDS was run with the truck loaded ts empty weight, without a trailer. For the
CARB HHDDT cruise cycle, the truck was loaded oe tlynamometer to its fully loaded
capacity.

A total of at least 7 iterations were performed dach test cycle to obtain a sufficiently robust
data set for the development of the engine dynartemtest cycles. During each test run,
regulated and standard gas phase data were cdliectading NMHC, CO, N@ and CQ.

Initial Development of the Engine Dynamometer Test Cycles

The engine dynamometer cycles were developed freengine speed and torque values from
the J1939 data stream. Initially, the engine spetitorque were averaged over all of the test
iterations. It was found that slight differencegime alignment between different test iterations
resulted in differences in the exact location @f fieaks in torque and engine speed. Specifically,
the engine parameters were be near a peak in twasht cycle, while the loads for other test
cycles would be lower at the same point. As suah peaks in engine speed and torque could not
be adequately represented with a cycle based smbedyeraging.

It was decided instead to utilize a single testatien that was determined to be most
representative of the test run series on each cyblee main criteria were used in selecting the
most representative set of engine parameters éocytble development.

--- NO emissions for the engine parameter data set cadpeth the average value.
--- The sum of squares difference between the htoarded velocity and the true speed trace
--- CO, emissions for the engine parameter data set cadpéth the average value.



Since NQ is the most important parameter of interest far &ngine dynamometer testing,
engine parameter data sets where the, M@issions differed by more than one standard
deviation from the mean value were excluded fromsgeration. From the remaining cycles, a
single cycle was selected considering each offttreetfactors listed above, with an emphasis on
NO, emissions that were comparable to the average valu

Once the most representative engine parametesdat@as selected, the engine RPM and torque
values were normalized to develop the engine cyidie. torque values were normalized from 0
to 100% for the maximum torque value based ondference torque, the actual torque from the
J1939 signal, and the frictional torque from th@3H.signal. Engine RPM was normalized from
0 to 100%, where 0 represents idle and 100% repietieze maximum engine speed.

Testing and Final Development of Engine Dynamometer Test Cycles

The engine dynamometer test cycles were initiallp on the dynamometer without any
modification to evaluate how well the cycles cohtgdfollowed on the engine dynamometer and
to provide a comparison with the regression pararmaeturrently used for the FTP. These initial
tests, the cruise cycle showed reasonable agredmeméen the torque and rpm set points, but
the light-duty UDDS showed a greater deviation fritn@ set points than is typically seen for the
FTP. The cycle did not meet the regression critesad for the standard FTP and visual
comparisons showed that the measured torque ditbhoiv the setpoint torque during segment
of the cycle associated with gearshifts. In anréffo improve the performance of the cycle on
the engine dynamometer, additional tests were adeduwith varying settings of the
dynamometer controls, such as throttle response.

These issues are similar to those identified indigeelopment work for the cycles for the ACES

program, and can be attributed to the use of @lthut the actual vehicle that removes the inertia
load from the engine during gearshifting. Since ¢hgine driveshatft is directly coupled to the

dynamometer, this decoupling of the engine driveltan not be simulated on the engine
dynamometer. As such, these events were considerbd representative of the behavior that
can be expected when translating engine parameé&tvgeen a vehicle chassis and an engine
dynamometer.

To improve the operation of the cycles on the emglgnamometer, the cycles were modified
slightly after the initial runs. Specifically, thpm and torque values were set to zero for period
of the cycle where the engine was in an idling sagmThis eliminated small variations in rpm
that occur near the idle point in real operation amall torque values that would likely be
associated with auxiliary equipment when the engiwes operating in the chassis. The
normalized cycles in their final form are presente#figures 1 and 2.
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Figure 1. “Light-Duty” UDDS Engine Dynamometer Test Cycle for the 2006 Cummins ISM
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Figure 2. CARB Heavy Heavy-Duty Diesel Truck (HHDDT) Cruise for the 2006 Cummins ISM

Since the two developed cycles were inherentlyedtifit from the FTP, new regression statistics
were developed for each cycle. The new regressairstics were developed based on replicate
runs of the cycles and comparisons between thessign runs for these cycles and those used
for the FTP.

The techniques used for the development of the regression statistics were similar to those
used in the ACES program cycle development. The rexyression statistics were scaled to
comparable values for the FTP based on the tolerammdow closely the parameter was met for
the standard FTP. The equations utilized for tloeseparisons were the same as those utilized in
the ACES programs, as provided below. In essehesgtequations provide the same margin of
error on a percentage basis for the new cycless agically utilized in the FTP. These were
utilized in cases where greater tolerance was mkatethe statistics than is typically given in
the FTP. In cases where the FTP regression statistiuld be readily met without modification,
the standard FTP criteria were maintained. In Hseo©f the intercept for the power, examination
of the data indicated that the power intercept slagtly greater than that for the FTP for the
UDDS and cruise, but that the tolerance in thisistte could still be readily met by simply
doubling the value of the intercept used in the FAlBomparison of the FTP regression statistic
criteria with the values obtained for the developgdes is provided in Table 1.
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Speed Torque Power
Slope Intercept SteYX Rsq Slope Intercept SteYX Rsq Slope Intercept SteYX Rsq
FTP  upper 1.03 50 100 1 1.03 15 188.5 1 1.03 5 30.95 1
lower 0.97 -50 0 097 0.83 -15 0O 0.88 0.89 -5 0 091
UDDS upper 1.03 41.8 441 1.00 0.91 289 108.1 0.880 0.92 13.9 0.89
lower 0.97 -41.8 0 097 0.74 -28.9 0 0.775 0.79 0 0381
Cruise upper 1.03 -79 441 1.00 1.05 222 1538 1.01 1.02 21.7 0.99
lower 0.97 7.9 0.0 097 0.84 -22.2 0.0 0.89 0.88 0.0 0.90

I value doubled

Table 1. Comparison of regression statistics criteria for the FTP with values obtained for the UDDS and
Cruise. Shaded areas indicate criteria where the values were greater than those for the FTP and were
modified for the regression criterian.



Attachment A — Test Cycles
UDDS
Federal heavy-duty vehicle Urban Dynamometer DgviSchedule (UDDS) is a cycle
commonly used to collect emissions data on engaready in heavy, heavy-duty diesel (HHD)

trucks. This cycle covers a distance of 5.55 mieth an average speed of 18.8 mph and
maximum speed of 58 mph.

UDDS (Schedule D)
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CARB Heavy Heavy-Duty Diesel Truck (HHDDT) Cruiseh&dule

The CARB Heavy Heavy-Duty Diesel Truck (HHDDT) Csaischedule is part of a four mode
test cycle developed for chassis dynamometer tebifrthe California Air Resources Board with
the cooperation of West Virginia University. Thigcte covers a distance of 23.1 miles with an
average speed of 39.9 mph and maximum speed ofhfgh3
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